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SECTION || : THE BODY
PHYSI OLOG CAL PRI NCI PLES

Whitewater slalomis a mxture of aerobic (wth oxygen) and

anaerobi c (without oxygen) work. | believe that at the elite |evels,
however, the anaerobi c component has been negl ected or at |east not
enphasi zed enough. Indeed, | think the greatest change in slal omover

the I ast decade is that it has becone nore anaerobic. For some top
paddlers it may be 70% anaerobic. Various rul es changes whi ch have
m nimzed penalties, and better boats, have sped up the sport

consi derably and in order to win nowadays you have to be very fast.
To devel op speed, you have to devel op anaerobic abilities.

Thus, to train properly for nodern slalom it is necessary to do
a large anpbunt of anaerobic or high intensity work which stresses the
nmuscl es' ability to function with high levels of lactic acid. My view
contrasts with the traditional viewthat slalomis prinmarily an
aerobi c event and that the proper training for it involves a |ower
i ntensity but high volune of training (aerobic work).

Havi ng said this, however, | must caution the reader: Hi gh
intensity training without proper technique will not bring about
success. Indeed, for nost slalomathletes, technique is the area of
great est weakness. Thus, except for a very few of the world's top
sl al om sts, physiol ogical considerations should never replace
t echni que consi derations. The physiol ogi cal principles should be
applied to gate workouts so that technique and conditioning can
advance at the sane tinme. This neans the work should be done in
gates, preferably whitewater gates, not in the weight room or on the
runni ng track.

Three Energy Systens

Physi ol ogi cal | y speaki ng, the body produces energy fromthree
di fferent systens, with the preponderance at any given tinme being on
one of the systens. All three systens are genetic, that is, the
maxi mum potential is deternmined at birth, and the percent of that
potential you reach is determ ned by hard training. Exactly when each
systemcones into play is deternmined by a conbination of the
intensity, duration of the exercise, and the duration of the rest
peri od. Furthernore, the enploynent of the systems is not purely
sequential and they operate to some extent at the same tinme. However,
for purposes of clarity, | treat them separately here.

The three systens are: the ATP-CP system in which you operate
at maximumintensity for a short period (less than about 15 seconds);
the lactic acid system in which you operate at very high intensity
for up to about 180 seconds and thus produce lactic acid; and the 02
system in which you operate at a |lower intensity and thus can do so
for much | onger periods.
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The graph bel ow represents the three systens and the vari abl es
of duration and intensity of exercise. To represent intensity,
ASSUME YOU ARE GO NG AT AN ALL- QUT SPRINT THE ENTIRE TIME. This
m ght occur, for exanple, if you attenpted an all-out 500 neter
sprint in a slalomboat. It should be borne in mnd, of course,
that a slalomrace is not exactly like this, because it has stop-go
el enents -- places where you increase and decrease the intensity of
effort. Nonethel ess, this graph gives an idea of what we are
t al ki ng about:
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ATP-CP SYSTEM This system has several nanes, each descriptive of
some of its characteristics. It is sometines called the anaerobic

al actic system because while using it, you do not supply your oxygen
needs fromair taken in during exercise. In fact, you may be hol ding
your breath during the whole duration of this system for exanple, a
50 neter sprint in a slalomboat. Yet the exercise does not go on

| ong enough for you to produce perceptible anounts of lactic acid in
t he bl oodstream (thus it is alactic). Sonetimes the systemis sinply
called the fast energy system because it is the fastest source of
energy.

Adenosi ne triphosphate (ATP) is a compound necessary for
muscul ar contraction to occur. Limted amounts of ATP are stored in
the muscles and a very quick contraction, lasting a fraction of a
second, uses it all up. For any exercise lasting |onger than this,
anot her conpound, creatine phosphate (CP), nust be used. Creatine
phosphat e qui ckly breaks down to provide nore energy, thus allowing a
somewhat nore prol onged nuscul ar activity. However, the conbi ned ATP-
CP systemis depleted after about 15 seconds. The 100 yard dash is
the classic exanple of an event relying on the ATP-CP system |
believe that certain parts of a slalomcourse requiring short bursts
of energy at maxi mumintensity, such as certain upstreans, reverses,
and sprints between gates, also rely heavily on this system
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However, there are sonme inportant points to renenber about how
the ATP-CP systemworks. Since it is exhausted very quickly, its use
for sharp bursts of energy is likely to occur only on the top few
gates of a slalomcourse. A classic exanple would be a hard reverse
gate or upstreamat gate 2 or gate 3. Nevertheless, it is possible
that on a course with one "nake or break nove", a boater m ght paddle
quite slowy up to that point and use the ATP-CP systemto nake the
nove. In this case, although the ATP-CP system can be relied on only
for one or two bursts, those bursts may come at crucial times on the
course and lead to the saving of a great deal of tine.

The foll owi ng graph depicts the fact that the nore intense the
work effort is, the greater the energy per unit of time with the
anaerobi c systens (the ATP-CP and lactic acid systens).

] ATP-CP
Energy per
Unit of LA
Time
02

Intensity e

In an untrained person, ATP-CP is exhausted in about 8 seconds.
But through proper training, it can be nade to | ast a few seconds
| onger. Specific training causes a |arger storage of ATP-CP in the
nuscles. It does not, however, provide any nore ability to replenish
the supply of ATP-CP during the race, say in places where only
steering is needed and therefore little real exertion for a few
seconds. A possible exception to this night be in a teamrace, where
you had to wait for the other boats for a bit. Dependi ng upon how
long the rest was, there could be a partial replenishnment of ATP-CP
stores.

Proper training for maxim zing the ATP-CP system woul d be very
short courses, lasting about 10 seconds or |ess, done at maxi num
intensity. These could be done in gates, but they don't have to be.
Short sprints on flatwater are another way. | like to do them on
gat es, however, because besi des working the ATP-CP system there is
fam liarization with gate techniques at very high speeds as well.

It doesn't take very long to build up the ATP-CP system-- 2-3
weeks at nost. But while ATP-CP is built up relatively quickly, it is
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al so | ost quickly through disuse. Since it doesn't take long to
devel op the ATP-CP system it is usually the last of the three energy
systens to be devel oped with enphasis on it coming only in the few
weeks before the mpjor race. Since the other two systens take |onger
to devel op, work on themis typically begun earlier in the yearly
training. During the period of enphasis, the ATP-CP system may be
wor ked daily, but nore likely, it would be conbined with other work
(LA system), and targeted exclusively only every other day.

LACTIC ACI D SYSTEM Sonetines this systemis called the anaerobic

| actic system because when using it, you are operating anaerobically
and you do it long enough to produce lactic acid. Once ATP is

depl eted through the ATP-CP system described above, the body
suppl i es ATP through another energy system the lactic acid system
In this, the intensity of the work is very high (but not nmaximl) and
oxygen debt is incurred while breaking down glycogen to supply ATP.
However, the breaking down of glycogen in the absence of oxygen
produces a waste substance called lactic acid which inhibits ruscul ar
contraction as it accunulates in the exercising nmuscles. It is lactic
aci d which causes the burning sensation in nuscles and | ater
stiffness. Running a full length slal omcourse as fast as you can go
makes heavy demands upon the LA system in nmy opinion. The ability to
function with a high lactic acid build-up and to dissipate it quickly
in rest periods following exertion is also trainable. Intense courses
of between 30-120 seconds is one good way of doing this.

It takes about 6-8 weeks of concentrated effort to build up the
lactic acid system Thus, this systemis the next to | ast one that
the athl ete should concentrate on and he can start it from8 to 10
weeks before the big race. During this period, the LA system should
be worked about 3-4 tinmes a week. Wrking the LA system1-2 tines a
week is enough for maintenance but not for inprovenent.

A moment ago, | nentioned that the LA systemis used in breaking
down gl ycogen in the absence of oxygen. It is worth pointing out here
t hat carbohydrates are the prinme source of glycogen. During nornma
physical activity, glycogen is forned by, and largely stored in, the
liver and to a |l esser extent in muscles, being converted into glucose
and rel eased as needed. The best source of carbohydrates are conpl ex
car bohydrates such as vegetables and fruits, not sinple
car bohydrates, such as pure sugar or junk food.

The hi gher the glucose levels in an athlete's body, the |onger
he can exercise. The initial supply of glycogen |lasts about 80
m nutes. After two hours, additional glycogen has to be stored or
added. A highly trained athlete has a | arge capacity to store
gl ycogen intramuscularly. It takes up to 48 hours to replenish liver
gl ycogen, but only a few hours to replenish nuscle glycogen. Thus, in
a slal omworkout |asting, say an hour, it would not be likely that
the athlete
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woul d suffer significant |iver glycogen depletion, although he would
suffer depletion of muscle glycogen. Therefore, he would be able to
have two or nore workouts a day w thout adverse consequences. But if
t he workouts were very |long ones, say 2 hours, there could well be a
significant depletion of liver glycogen and the athlete woul d need
about 48 hours to replenish his stores. This is why sone athletes
follow the hard day, easy day cycle in training.

Many people think that it is not necessary to worry about
gl ycogen stores in slalom (as opposed to downriver), because a slal om
race does not last very long. But in my opinion, the application of
t hese physi ol ogi cal precepts conmes nore in training sessions, which
may last a long tine, and during major conpetitions that go on for
several days (teamselection trials; Wrld Chanpionships). The
ability to support a high training load will dictate how much
training tinme you get. The amount of training tine will eventually
det erm ne how good you get -- and consequently how well you do on
race day. Races that go on for nany days al so wear you down and the
athl ete who naintains his energy |evels throughout the whole period
wi Il have a | arge advant age

0, SYSTEM This is sonetinmes called the aerobic system for
unli ke the other two systens, it is not anaerobic and in using it,
you supply your oxygen needs fromthe outside air during exertion. In
the 02 system glycogen is broken down into ATP but this tine in the
presence of oxygen and thus use of this system does not cause the
buil d-up of lactic acid. However, lactic acid may well have been
built up in previous work bouts because the lactic acid system may
have been used first. But in this case, transferring fromthe LA
systemto the 02 systemwill allow lactic acid to dissipate sonmewhat.
Furthernore, the 02 systemcan actually use lactic acid as a fuel
simlar to glycogen.

A full length slalomcourse uses the 02 systemto a |l arge extent.
Even t hough a | arge conponent of nodern slalomis anaerobic (probably
nore than 50% for nmany top slalomsts), having a good aerobic
capability allows you to paddle |onger aerobically (i.e., with |less
effort), so that your total tine over the course may be faster.

Havi ng a good 0, systemwi |l also help an athlete get through a
| ong wor kout consisting |argely of anaerobic segnents. The sheer
duration of the workout taxes his aerobic powers. Thus, his ability
to do a | ot of anaerobic work night be | essened because of a poor
aerobi c capacity. This is one reason it is thought best to begin a
year-long cycle of training with enphasis on the 02 system A good 0,
systemis necessary to support the high levels of intense training to
cone.
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This situation is depicted in the follow ng graph which shows
that the longer the work continues, the greater proportion of the
total energy supplied cones fromthe 02 system

! i

Total energy
supplied ATP-CP

Time s—e

But the real reason it is thought best to begin the yearly
training cycle with enphasis on the 02 systemis because it takes

| onger to develop significantly than the other three -- 3-4 nonths.
During this period of 3-4 nonths, the 02 system should be worked 4-6
times a week. Traditional literature says that this can be done

t hrough general training, such as swiming, cross-country skiing, and
running (in that order of preference). My own personal beli ef,
however, is that it should be done primarily in the boat, in gates
(as opposed to the downriver boat), because this is the nost specific
for slalom It takes only 2-3 times a week to maintain the 02 system

| have to say that | have sone other differences with traditiona
theory, too. As | have pointed out, the comon belief is that the 02
system shoul d be devel oped first, then the LA systemand finally the
ATP-CP system -- as though they had to be done in that order. | don't
think the order nmatters as long as they are all fully devel oped by
the tine the peak is desired. In other words, you can put a |ot of
enphasis on the LA systemduring the time that traditional theory
says you should be focusing al nbst exclusively on the 02 system From
personal observation of many World Chanpions training, | believe that
there is aerobic value in a large volume of anaerobic training. | am
also told that there is some research that supports this. It
i ndi cates that inmprovenments in both aerobic and anaerobic
capabilities are possible with high intensity interval training --
2-3 mnute pieces at 80-90% intensity. The point: Make sure you do
enough LA system devel opment and this is probably nore than
traditional literature would have you believe is necessary. A
subsidiary argument for nore anaerobic training is that it
fam liarizes the boater with gate techni que at high speed, speeds
somewhat hi gher than race pace. This is necessary because in order to
go fast in the race, you have to practice it in training.
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Measur enments of Aerobic and Anaerobi c Power

Vo2 MAX. VO2 MAX neans literally the volume of maxi mum oxygen
consunption. It has been determ ned in many sports that maxi nal
aerobi c power, i.e. 02 systemcapability, is highly inmportant to
success. | think the sanme thing is true of slalomracing. In tests
adm nistered by the U S. AQynpic Commttee on slalomathletes | have
coached, it was apparent that nobst (but there was one exception) of
the elite slalomsts had high VO2 MAXs, in sone cases produci ng val ues
with their arns that were conparable to those produced by runners with
their legs. In simlar tests perforned on | ess successful slalomsts,
the VO, MAX | evel s were | ower.

VO, MAX is the |argest anount of oxygen per unit of time that can
be transported by the heart and lungs and used in active nuscle
tissue. It is proportional to body size and nuscul arity; the greater
the size, the greater the VO, MAX. There are 2 ways of |ooking at VO
MAX. It can be expressed in liters of air per minute (L/Mn) or
rel ated to body weight and expressed as milliliters per kil ogram of
body wei ght per mnute (M./Kg/Mn). The key to deternining which
neasurenent is nost appropriate is whether the athlete supports his
own wei ght or not. A runner supports his own weight so ML/Kg/Mn is
the value of interest to him An oarsman sitting in a racing shel
does not, so he is interested in L/Mn. Since a slalompaddler is
sitting in a boat also, it would seemthat L/Mnis the value nost
appropriate to his sport, but since there has al ways been sone dispute
about this, | always like to | ook at both val ues.

The test for VO2 MAX is admini stered by increasing in stages the
amount of exercise the athlete is forced to do while collecting the
actual anmount of expired gases. By subtracting this value fromthe
surroundi ng air, the oxygen consuned is cal cul ated. The MAX occurs
when the next higher workload is not associated with increased
consunption, indicating that further effort is acconplished
anaerobically (w thout oxygen).

VO, MAX has traditionally been nmeasured by having the athlete run

on a treadnm|l. Some years ago, however, | found out that unless the
formof exercise in the test is specific to slalom the results are
not very neaningful. Thus, in recent years, | have had these tests

done on an armergoneter, fashioned froma bicycle. The athlete
pedals with his arns, thus sinulating the paddling novenents.

In Cctober 1982, | was able to interest the U S. Aynpic
Conmittee in nmeasuring VO, MAX and other things in the nost specific
formof exercise of all, a sinmulated slalomrace on our training
course. Anpng those tested were World Chanpi ons Cat hy Hearn,

El i zabeth Hayman, Fritz Haller, Steve and M chael Garvis, David
Hearn, Jon Lugbill, Bob Robison, and fifth place finisher at
Jonquiere, Chris
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McCorm ck. Two sets of tests were done. First on dry |land, the
paddl er was tested on the armergoneter, where VO, MAX, heart rate and
bl ood |l actate | evel s were neasured. Then, after appropriate rest, the
paddl ers were tested again, this time in the boat on a slal omcourse
consi sting of 37 gates and having a running tine of 269 seconds for

t he best kayak. Expired air was collected in a bag taped to the stern
deck of the boat. Finally, in sone cases, heart rate was neasured

t hr oughout the course through a radio transnitter attached to the
paddl er’'s torso. The heart rates were transmitted only sporadically,
however, and thus were discontinued after a few paddl ers had been
tested, but one pattern did appear to energe: heart rate was el evated
the nobst on upstream gates, thus seeming to indicate that upstream
gates require the greatest anount of work.

There were several interesting findings regarding VO, MAX
Absol ute values (L/Mn) were quite high for ergoneter work. Wen
conpared to running VO, MAX val ues, the ergoneter values were simlar
to noderately trained nen and wonen. This is unusual, since normally
the greater the nuscle nass used (legs conpared to armnms), the greater
the VO, MAX

Looki ng at VO, MAX rel ated to body weight (M./Kg/Mn), the val ues
were al so good. Wth the exception of Steve and M chael Garvis, Wrld
Chanpions in C2, the VO, MAX val ues ranged from 54-69 M./Kg/Mn, with
four men in the 60's. Male rowers, using a larger nuscle mass (Il egs
and back in addition to arns), have been neasured at about 63
M./ Kg/ M n. The two World Chanpi on wonen tested, Cathy Hearn and
El i zabet h Hayman, had val ues of 54-55 M./ Kg/M n which conpare
favorably with running val ues obtai ned by endurance trained coll ege
Wonen cross country runners.

But do paddl ers use a |arge percent of their VO, MAX in the boat
during a slalomrun? If they don't, then having a high VO, MAX ni ght
not be all that inmportant. But if they do use nost of their V0, MAX
in a race, building a high aerobic capability would be very inportant
to success.

The answer is that top slalomsts do use a | arge percent of
their VO, MAX in the boat. The percent of ergoneter-nmeasured VO, MAX
used during the on-the-water tests conducted by the Aynpic Commttee
ranged from 63% (David Hearn) to 115% (Steve Garvis). The group nean
was 83.1% Those using over 75% of their ergonmeter VO, MAX on the
wat er are probably typical. Al of this seenms to indicate that a high
VO, MAX is one indicator of an elite slalomst. Al of the elite
sl al om sts tested, except the Garvis brothers, had high VO, MAXs,
al t hough many ot her non-elite paddl ers al so had high ones.

The O ynpic Conmittee concluded its remarks on slal omists V02
MAX with this statenment:
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The i nmprovenent of aerobic capacity through endurance
training should be of value to performance because the

hi gher the aerobic capacity, the | ess one needs to rely on
t he anaerobi ¢ netabolism during strenuous but sub-maxi nmal
exercise. This would delay lactic acid accunul ati on and
del ay fatigue.

If (paddlers) can inprove their VO, MAX (aerobic capaci-
ty), they will be able to do a given anount of sub-maxi mal
work with greater ease, i.e. |ower physiological stress,
as shown by | ower blood |lactate at the sub-nmaximal | oad.

A suggestion for training would be sone bouts of 5, 10,
and 20 minutes perforned 4-5 times a week. Cbviously arm
wor k woul d be best. However, other upper body work using
endurance weight training or circuit training wuld be
useful .

ANAERCBI C THRESHOLD

At a certain point, a paddl er approaching his VO, MAX starts to
| apse into an anaerobic state. The point at which this occurs is
call ed the anaerobic threshold. It starts to occur at about 70% of
VO, MAX in the average untrained individual but at a higher
percentage in the well-trained person

The foll owi ng graph depicts the situation:
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One paddl er reaches his anaerobic threshold at point A He can
continue to do work but fromhere on, it will be in an anaerobic
state (and therefore less efficient). The paddl er reaching his
anaerobic threshold at point B can do nore work than A in an aerobic
state,

202



whi ch means that B can do the extra work easier than A It could be
true that A may be able to function better than B anaerobically and
may even be able to beat B, but he will have to work harder than B to
do so and thus it is less likely that Awll be able to beat B.

Once a paddler is in an anaerobic state, it is inportant to know
how | ong he can stay there, and how anaerobically he can function.
The nmethod of neasuring this is to neasure the anpbunt of l|actate
present in the blood. It is typically reported in nmlligramnms percent,
which is sinply the anbunt of |actate per unit of blood, expressed as
a percent age.

The bl ood should not be drawn i medi ately after exertion because
peak | evels of lactate are usually reached 3-5 nminutes after exertion.
It takes that long for the lactate to be washed out of the muscles and
into the blood stream The higher the lactate |levels, the nore
anaerobically the paddl er has gone.

In the tests adm nistered by the A ynpic Conmittee, blood | actate
| evel s were neasured both after the ergoneter test and after the on-
the-water test. On the ergoneter test lactate | evels were nearly al
acceptably high. Values over 100% are high, values in the 90's are
good, values in the 80's are acceptable. The range on the test was
46.3 to 121.3. Only one paddl er was bel ow 80% and for this person,
it was recommended that nore anaerobic work be done.

Once again, it was found that the paddlers utilized a high
percent of their maxi num anaerobic capacity in the boat, about 83% of
it, thus indicating that a higher anaerobic capacity woul d be usefu
in a slalomrace. As with the VO, MAX tests, the |lactate tests seened
to show that high lactate levels are another indicator of an elite
slalomist. In other tests adm nistered to | ess successful slalonists,
lower lactate |levels were found.

In conclusion, the entire battery of tests adm nistered by the
US dynpic Conmttee seened to show that slal omplaces heavy stress
on both the aerobic and anaerobic netabolisns. It isn't necessarily a
guesti on of one being nore inportant than the other, however. They
are both very inportant and to be at the top in the sport you
probably have to have high values in both.

203



Interval Training

The purpose of this section is to supply the reader with enough
know edge of interval training principles so that he can devi se ways
to apply themto whitewater gates and thus achieve maxinmally effective
wor kout s.

The key to interval training is that intermttent work -- bouts
of exertion followed by rest -- guarantees that the work will be done
at maxinumintensity, which is necessary for maxi numinprovenent in
the energy systemin question. This is contrasted to steady-state
work in which there is no rest interval, only one |long work interval
and thus the intensity level is of necessity much | ower.

Intermttent work al so i nproves heart stroke volunme. Stroke
volune is one of the two key factors in deternining the amount of
bl ood punped by the heart (the other is heart rate). It is the
hi ghest not during the work interval, but in the rest period after it.
The hi gher the stroke volume, the nore bl ood punped by the heart, and
thus the nore oxygen that is transported to the exercising nuscles.
Wth interval training, there are nmany recovery periods, and thus
stroke volunme reaches its highest level many tinmes during the workout.
This contrasts with steady-state paddling in which there is only one
rest interval (at the end). Achieving maxi mum stroke vol une many
times a workout, over nany weeks of interval training provides a nmuch
greater stimulus for inproving stroke vol une.

Interrelationship of Five Variables

Interval training involves the interrelationship of five
vari abl es:

* Duration of work interva

* |ntensity of work interva

* Duration and type of rest interva
* Nunmber of repetitions/sets

* Nunmber of interval workouts per week

Changi ng any one of these variables changes the nature of the
interval workout. To devise his own workout, the boater and/or his
coach must know how to nmani pul ate them A discussion of the variables
and how they interrelate foll ows.
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DURATI ON OF WORK | NTERVAL: As we can see fromthe preceding

di scussion of the three energy systens, the duration of the work
interval has an effect on which energy systemis enphasized. To
target the ATP-CP system short bouts of intense effort are best. In
slalomterns, this would be all-out 15 second courses, followed by
45- 60 seconds of rest. This will allow the ATP-CP systemto be used
over and over again at maximumintensity (as long as the rest period
is right -- see below), which is ideal for stimulating it adequately.
The short work interval prevents the onset of fatigue by preventing
the build-up of lactic acid. A long rest allows ATP-CP stores to be
repl eni shed.

To enphasi ze the Lactic Acid system intense slal omcourses of
40- 120 seconds are good (10-20 gates). This trains the body to
operate with high levels of lactic acid (particularly with | ong work
interval s).

To enphasi ze the 02 system an even | onger work interval of,
say, 8 mnutes (or nore), about 100 gates, is good. Since the work
goes on for sonme tinme, it is aerobic. These kinds of workouts are
best done as | oops where the boater repeats the gates over and over
again. Wiile it is possible to do the workout if one actually has a
course of 100 gates stretched out one after the other, it usually
takes too long to nenorize the course, and thus it is inpractical
Anot her problemis keeping the rest period short enough.

A better way is to set up a ten-gate course, say, and repeat it
over and over again, perhaps taking lap times on each | oop. Loops,
have found, al so happen to be an excellent way to practice techni que
because the boater does the same nove over and over again, thus
perfecting it. Furthernore, |oops work well on whitewater rivers
where there is really only one good rapid. The | oop can be set up on
the rapid and then a long continuous stretch of whitewater is not
necessary in order to be on good water for the whol e workout.

I NTENSI TY OF WORK | NTERVAL: I n order to achi eve maxi mum effectiveness
in interval training, the work intervals nmust be done with sufficient
intensity. Heart rate can be used as one guide. The following is an
intensity scale.

Scale OF Intensity Percent O Maxi mum
Heart Rate
Low 30- 40%
Li ght 50- 64
Medi um 65-74
Hi gh 75- 84
Sub- Maxi mum 85- 94
Maxi rmur 95-100
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To target the ATP-CP systemthe work interval has to be done at
maxi mumintensity. | have found that the best way to do this in
slalomis on courses consisting of 3-5 gates. The gates should be
spaced apart reasonably, or perhaps a bit nmore than usual. They
shoul d not be m nimumw dth or mninum hei ght off the water. The
noves should be free-flowi ng and natural -- no awkward turns. An
exanpl e: two forward gates, an upstream another forward, and a fina
reverse. Wth this kind of course, the boater can go at absol ute
maxi mum More conplex or tricky courses cause himto sl ow down too
much to work the ATP-CP system Those kinds of courses are best for
devel opi ng good techni que.

To enphasi ze the LA system the intensity of the work interva
shoul d be sub-naximal. Here any kind of course will do. Some tight
noves and sonme w de open ones are good.

To enphasi ze the 02 system the intensity should be high.
think this is an inmportant point. Many people think that very | ow
intensity work is fine for devel oping the 02 system Wile there may
be sone 02 devel opnent at very low intensity, | think there is much
nore rapid i nprovenent if the intensity is high.

VWil e heart rate may be the best scientific indicator of
sufficient intensity, a nore practical way is to use the stopwatch:
Sinply race boaters agai nst each other for tinme and penalties. The
boaters' conpetitiveness stinulates themto nore intense exertions.
Many tinmes | have seen someone who thought he was working hard, work
significantly harder once a rival started doing the same course.
believe for the vast majority of people, these conpetitive workouts
are the best, nost efficient way to train. There are exceptions to
this, however, and conpetitive workouts cannot be used all the tine.
Still, in ny experience, if approached properly, they are not only the
nost efficient, they are also the nost fun.

If the boater can't race other boaters, or doesn't want to, he
should at least tine hinself. By attenpting to get the same tinmes or
increasingly faster ones on each interval, the boater ensures the
necessary intensity level. Digital wistwatch/stopwatches work best
for this, and nany top boaters prefer the ones nmade by Casio.

Only on very short courses (used for ATP-CP devel opnent), is it
i npossible to time yourself accurately enough. On these courses,
tenths of seconds determ ne whether you are going at absol ute nmaxi num
or sonmething |less than that. Therefore soneone tining fromthe shore
is necessary for this work. Another option is to have boaters tine
each ot her.

REST I NTERVAL: In a general sense the rest interval sinply

allows the body to recharge so that another intense interval can be
attenpt ed.
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Scientifically, the length of the interval and the type of activity
that goes on during it are ainmed specifically at controlling the
recovery of the ATP-CP system By controlling the recovery of the
ATP-CP system one can hel p determ ne which energy systemis

enphasi zed during the workout. The follow ng table shows the percent
of ATP-CP restored according to the duration of rest.

Duration O Percent O
Rest ATP- CP
I nterval Rest or ed
Under 10 secs. very little
" 30 " 50%
" 60 " 75
" 90 " 88
" 120 " 95
" 180 " 99

I f one wishes to enphasize the ATP-CP system long rest intervals
are indicated because they allow for a conplete repl eni shnment of ATP-
CP. The rest should be conplete rest, no activity except stretching,
easy paddling and so on,

To enphasi ze the LA systemin the rest interval, there are two
ways, one nore extrene and exhausting than the other. In the first,
the rest period is 2-3 tinmes or nore of the work period and the
recovery is conplete. In slalomthis would typically be 90 second
courses with an easy paddl e back to the start. The result of this
nmethod is to dissipate lactic acid so that the body is ready for
anot her intense effort.

In the second nethod, however, the rest is short (say, half the
wor k period), and involves nediumintensity work. This kind of rest
interval is called 'work-relief". It partially blocks restoration of
ATP-CP, thus neaning that the next interval will be undertaken with
the LA system The followi ng graph shows how this works:

T\ work~relief
Lactic
aci d
| evel s
rest—
relief
Duration of Workout ---------- >
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As can be seen above, with work-relief, each new work interval is
undertaken at higher lactic acid levels, so that at the end of the
wor kout, the level is very high and the boater has to work w th higher
anounts of lactic acid than he does with rest-relief.

The reader may well ask, "If the recovery is inconplete, how can
the next interval be done at the highest possible intensity? This
brings us to an inmportant concept: Intensity regarding the LA system
nmeans intensity RELATIVE TO YOUR CAPACITY at the time of exertion, not
just relative to your absolute maxi num A slal om workout highly
stressing the LA systemwould be: 7 X 120" at all out intensity, with
a work-relief rest interval consisting of a fast paddl e back to the
start. Because of the work-relief intervals, the work during the work
interval is even nore lactic than it would be with conplete rest.
These are very exhausting workouts and cannot be repeated every day.

To target the 02 system the rest interval should be short
because there has been neither great depletion of ATP-CP nor great
buil d-up of lactic acid in lower intensity work, Furthernore, the
rest interval should be conplete rest, since a work-relief interva
m ght produce lactic acid and thus nake the next interval enphasize
the LA system nore

NUMBER OF REPETI TI ONS/ SETS: What is presented here are the levels for
elite paddlers. The reader must understand that there is a great dea
of difference between what the Worl d Chanpi on can and should attenpt
in training and what an internedi ate should attenpt. Training books
in many sports often forget to point this out, with the result that
some people try to do too much too soon. Wth that in mind, the

| evel s here are targets to work up to over nany years of training, not
| evels to junp into.

There are various theories for constructing the proper number of
repetitions and sets for interval training, based largely on running.
But since in ny experience they do not correspond all that closely to
what | have personally observed Wrld Chanpions in all classes doing
when perfornming interval training, | have elected to sinply present
here what they do instead of trying to explain the theories. (I'm not
sure | understand some of them anyway!) The followi ng table shows
this. As the reader can see, by multiplying the nunmber of "Reps. per
Workout" tines the "Secs. Rep. Tinme," the total anmount of work
perfornmed in a workout goes up the longer the work interval is. Thus,
if an elite paddler is doing full Iength courses, he or she wll
typically do up to 2.5 tines as nuch total work as when doi ng 15-
second courses.

Sets are groups of repetitions. The purpose of sets is sinply to

break up the total nunber of repetitions with a |longer rest interva
before starting the next set of repetitions. This added rest allows
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Gui del i nes for Constructing Interval Workouts
In Witewater Gates
(Based on World Champions in Al Classes)

Secs. Reps. Set s Reps.
System Rep. per per per Work:  Type of
Enmphasi zed Time Workout Workout Set Rest Rest
1. ATP-CP 15 35 5 7 1:3 Rest - Rel i ef
(easy paddling,
stretching)
2. ATP-CP/
LA 30 25 5 5 1:3*  Work-Relief
(l'ight to medium
60-70 15 3 5 paddl i ng)
3. LAO02 90 12 3 4 1: 2% Wor k- Rel i ef
120 8 1 8
160 5-10** 1 5-10
180 5-8** 1 5-8
200 5-8%* 1 5-8
4. o2 240 5-7** 1 5-7 1:1/2* Rest - Rel i ef
480 4 1 4
900 2 2 1

* These are al so done as repeats with long rest-relief intervals.

** KIWs, C2s, and C2Ms tend to be at the | ower end, while Cls and
K1ls tend to fall at the higher end.

N.B. This table is based on class I-Il water. In bigger water, all

of the figures have to be reduced significantly because the
work i s much harder.
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for nore intensive work during work intervals. The set concept works
particularly well for slalomworkouts because each set can be a new

course (although it doesn't have to be), and the rest interval between
sets is used to design a new course.

Determ ning the frequency of interval workouts has to be done by
each individual. There are so many factors that enter into it that |
find it inpossible to generalize. It depends on how experienced the
boater is, what tine of year it is, how many total workouts the boater
is doing during that period, and a host of other things. In general,
however, it is typical that with each successive year, the frequency

will increase --as will the nunber of repetitions. Basically, the
boater should strive to do as much as he can, but still recover from
it. 'Checking the pulse rate every norning is one way to tell. If it

is five or six beats above nornmal, then that is a strong indicator
that the boater has not fully recovered and that he should not do a
hard workout until the pul se cones down.

REPEATS: Repeats are simlar to interval training except that there
is longer rest and conpl ete recovery between each bout of work. Thus,
each work period is at very high intensity. Running a full-length
whitewater course in training sessions is a good exanple. A typica
session mght be 7 X 220" with the rest period between repetitions
equal to the carry back to the start, i.e. 20 mnutes. | have found
that repeats are particularly good for building consistency and thus |
use thema great deal in training sessions.

PROGRESSI VE OVERLQAD: Gradual Iy increasing the nunber and intensity
of intervals is the aimof training. This can be done by 1) doing
each slalomcourse faster; 2) cutting down on the rest period; 3)
doi ng nore runs and/ or courses in the workout or 4) a conbination of
the three. One way to decide when to increase the intensity is to
check the post-exercise heart rate. The rate is taken 90 seconds
after the last run of the workout. A lower heart rate follow ng
several identical workouts means that it is tine to increase the
intensity.

Di scussi on

It is inmportant to understand the interrelationship between the
five variabl es which make up interval training. By not ensuring
proper intensity or proper rest, the wong energy system m ght be
enphasi zed. For exanple, if the aimis to enphasize the ATP-CP
system 15 second courses at maximumintensity, followed by 45-60
seconds is best. This will allow the systemto be used over and over
again at maxi mumintensity. If on the other hand, one were to do 15
second all-out gate sprints with only 15-20 seconds rest, the work
woul d becorme nore |actic, because there woul d be ever increasing
amounts of lactic acid in the muscles.
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To target the LA system one good way woul d be through sub-
nmaxi mal intensity 30-90 second courses, followed by 2-5 mnutes rest.
But if the intensity level is too low, there is no devel opment of the
LA system while there m ght be sone devel opnent of the 0, system

To enphasi ze the 02 system one good way m ght be 8 mnute
intervals of high intensity with 2 mnutes of rest. But if the
interval s were shorter, say 3-4 mnutes and of sub-maximal intensity,
the work woul d be nore anaerobic, although the courses would be too
long for it to be conpletely anaerobic.

There can al so be problens in msusing the nunber of
repetitions or the frequency of interval workouts. If the intensity
is increased too fast, an overtraining effect m ght occur and the
boater is forced to take a lot of time off in order to recover

Thus, while it is easy to make mistakes in arranging all the
variables in interval training and wi nd up enphasi zing a system you
did not intend to, it is also possible to do combination workouts in
which two or nore systens are worked in the sanme workout, indeed the
sane interval. Since slalomis really a conbination of the three
energy systens, conbination workouts are often a very good idea.

Exanpl es mi ght be:

* 10 X 15" at 100%with 45" rest (ATP-CP); 5 X
120" at 90% with 240" rest (LA systen).

* 10 X 120" at 90%with long rest-repeats (LA and 02
systemns).

* Pyramid sprints on flatwater: 100, 200, 300, 400
neters and back down again (all systens).
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MUSCLE

Sl al om paddl i ng i nvol ves the use of endurance (slowtwitch)
nuscl e fiber and power (fast-twitch) muscle fiber. Paddlers should be
sure that in their training they devel op both. Sone individuals,
because they are born with a higher proportion of one kind than
another, tend unwittingly to stress that kind in their training and
negl ect the devel opment of the other. In this case, they have a
deficiency for slal om purposes.

Slow Twitch -- Fast Twitch

It is nmuscle devel opment conbi ned with cardi ovascul ar
conditioning which permits the intensity and volune of training
necessary to naximze the body's responses to training. |If nuscles
are not sufficiently devel oped, the athlete cannot sustain a high
enough workload to stinulate the energy systems adequately.

There are two nmain types of skeletal nuscle fiber, an endurance
type, called "slowtwitch" and a speed and power type, called "fast
twitch." There are actually two sub-types of fast twitch fiber as
well; fast twitch A, a slowfatiguing fast-twitch fiber; and fast
twitch B, a fast-fatiguing fast-twitch fiber

Slowtwitch nuscle fiber requires a steady supply of oxygen,
storing it for the onset of work but quickly requiring its
repl eni shment fromoutside air. These fibers are very resistant to
fatigue, having access to the oxygen supply through a highly devel oped
network of capillaries.

Wiile slowtwitch fibers are suited for endurance tasks, fast-
twitch fibers nay be called upon instantly for speed and power
wi t hout having to wait several mnutes for the oxygen supply to be
repl eni shed fromthe outside air. Wight training and high intensity
training increases the size of these fibers and their ability to
break down gl ycogen, and use it to do work. The nore fast-twi tch
fibers an athlete has, the quicker he may fatigue, being able to work
at top speed for only the short time that is required of himin his
event .

At birth each individual is endowed with a certain proportion of
each fiber, thus giving some people greater potential to beconme power
athl etes, such as sprinters, and other people greater potential to
become endurance athl etes, such as nmarathoners.

Unfortunately, there are two factors that conplicate the
di scussion of fast-twitch and slowtwtch fibers:
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* |t is hard to determ ne accurately what proportion of
each an individual has. In the first place, different
nmuscl es within the sane person have different
proportions. Thus, if we are tal king about the
application to paddling, testing the leg nuscles is
not going to help. Secondly, different areas within
t he sane nuscl es have different proportions and thus
several sanples have to be taken fromthe same nuscle
in order to get an accurate reading. Since this
involves taking a little "bite" (nuscle biopsy) out of
the nuscl e several tines, nost athletes,
under standably, are reluctant to permt it.

* While an individual nay be born with a certain pro-
portion of fast-twitch fibers, training can "bend" the
fibers sonewhat, especially in naking fast twitch
fibers function nore |ike endurance fibers. Long
duration paddl es at high intensity can do this.

In ny view, a slalomrace consists of both endurance and power
conponents. Endurance (in slalomterns), is sinply the ability to get
down the course w thout beconming so tired that you sl ow way down, hit
gates or nake bad tine errors. Power comes into play in things like
accel erating the boat at crucial points, or maki ng bow sweeps or
reverse sweeps.

Conti nuous | ong di stance paddles in gates inprove the function
of slowtwitch fibers and inprove endurance. Many paddl ers use the
downriver boat for endurance paddl es but while this certainly inproves
endurance in a straight line, it is not specific enough for maxi mum
i mprovenent in gate running endurance. This is sinply because
di fferent muscles are used in running the gates than in sinply
paddl i ng straight ahead.

Furthernore, if all the paddling is done at sl ow speeds,
nuscul ar power typically dimnishes over tinme. This is because the
sl ow paddl i ng does not activate the fast twitch fibers and the fibers
| ose sone of their capacity for speed through disuse. Power training
will prevent this.

When nost peopl e hear the term "power training"” they think of
wei ght s because this has traditionally been the method for devel opi ng
power. But it should be borne in mnd that weight lifting may not
sinmulate the actual nmotion of the joints and |inbs as used in slalom
paddl i ng, and strength devel oped in one particular joint notion wll
not transfer to other joint notions. Also, heavy lifting seens to
devel op a non-expl osive power. In my opinion, all of this argues in
favor of short gate sprints for devel opi ng power for slalom The
noves are highly specific this way.
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However, if one wishes to do the power training with weights, the
foll owi ng points should be borne in mnd

Make the lifts as specific to slal om nmovenents as
possi bl e.

Sel ect a noderate weight which allows you to nove as
fast or faster than you would in conpetition.

Bef ore each repetition, the joint to be strengthened
shoul d not be stretched to increase the anpbunt of force
produced and devel oped. If a muscle is stretched, it
contracts with greater force. Stretch receptors in the
nuscl es and tendons produce what is called the "stretch
reflex." But since the use of the stretch reflex does
not pronote pure strength work -- it supplies "free"
work -- it is a formof cheating and shoul d be avoi ded.

Try to vary the grip or plane of nmovenent in the weight
exercise. Slalompaddling in gates involves significant
variation: a forward stroke m ght be done with the arns
very close to the body (if the boat is too close to the
gate), or quite far fromthe body (if the boater is

| eaning hard to his on-side, for exanple). Sinply
devel opi ng strength in one plane of novenent does not

i nprove strength to the maxi numextent in the alternate
posi tions.

Begin with adequate warmups so that the risk of injury
is mnimzed. Most of the injuries that | know of anong
sl al om paddl ers come from wei ght workouts, not boat

wor kout s.

Paddl e Rel axed

The ability to relax while paddling a slal omcourse is one sign
of a top boater. If nuscle coordination is very high, the boater
finds it easier to relax during paddling and thus |owers his energy
costs even nore. Therefore, two points to think about in training and

raci ng:

*

Reduce tension in all nuscles not directly involved in
novi ng the arns, back and trunk. For exanple, head
nmovenent s and shoul der hunching, facial grinaces and
so on shoul d be elim nated.
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* Practice paddling at a given pace with as little
energy as possible.

Muscl e Elasticity

It is the timng of nuscle forces which distinguishes the good
paddl er fromthe really excellent one. Precise timng of back, torso
twi st, arm and hand novenents allow the paddl er to nake use of the
elasticity inherent in nuscle tissue. Because a stretched nuscle
automatically rebounds to its resting length, it has the capacity to
do "free" work and so increases the force, power, and efficiency of
your novements. Sonme experts think this elasticity can account for
hal f the total energy used to do work.

Upstream gates are one exanple. If the paddler can put his entry
draw stroke quite far in front of him he is able to exert a stronger
pull on it when he converts it into a forward stroke to pull hinself
hi gher into the gate.

Repetitive work, like paddling forward, is perforned at a cadence
whi ch the individual feels is the nmost confortable or efficient. He
chooses the cadence probably because of muscle elasticity. If he
noves too slowy, certain nuscles nust contract isonmetrically to
prevent this elastic force fromacting. As a result, a slow paddle
may beconme nore fatiguing to himthan a faster one, even though the
total work is reduced. Effective use of nuscle elasticity requires
that he nmoves at sone nini mum speed.

War m up/ War m down

Adequat e war mrup before paddling reduces the resistance of nuscle
and connective tissue to joint novenents since, with increased
tenmperature, cellular tissues become nore pliable. Warmi ng up al so
prepares muscle for work by supplying it with nore blood and oxygen
Warnth al so accel erates the speed of the chemical reactions
responsi ble for liberating energy fromw thin the nuscle. Wthout a
war mup, the nuscles are shocked into sudden, vigorous exertion
wi t hout an adequate oxygen supply. This forces the muscle to furnish
much of the energy anaerobically for the first one or two mnutes. An
oxygen debt is created along with the production of a small but
percepti bl e anbunt of lactic acid. This oxygen debt will be repaid in
t he ensuing mnutes of exercise and result in the oxidization of the
lactic acid. This process requires nore energy than if a smaller
oxygen debt was formed during the warmup. Thus, warm up enhances
performance as well as decreasing the likelihood of injury, an
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i nportant point for the older athlete, whose connective tissue and
joint structure is no |onger supple.

Adequat e warm down is equally inmportant because it helps to
di ssipate lactic acid built up in the exercising nuscle and
bl oodstream during a training session, and thus accel erates
recuperation before the next session. Furthernore, warm down al so
stretches the nuscles that have been used. Paddling is a repetitive
activity which may cause stiffness in joints and nuscle tightness.
For this reason, particularly after a long session, there should be
sonme light paddling and stretching to restore flexibility to the
paddl i ng nmuscles including the : latissinus, trapezius, deltoids,
pectoral s, biceps, triceps, forearnms, and hanstrings for Kl's; trunk
nmuscl es and hip flexors for Cls.

A warm shower facilitates this warm down and stretching, but
unfortunately, it is often difficult for paddlers comng off the river
to get to a shower very quickly. However, changing into warm dry
clothes is a reasonable substitute.
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